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(g) Vehicle detector with environmental adaptation. 

@ A reference value used in a vehicle detector is 
checked and adjusted. The vehicle detector 
detemnines the speed of a vehicle which it has 
detected and then makes a sample measure- 
ment after the vehicle has left the detection area 
of its inductive sensor. The timing of the 
measurement is based on the speed of the 
vehicle. The sample measurement is compared 
to the reference value, and adjustment of the 
reference value is made accordingly. In order to 
Identify the cause of changes in the sensor drive 
oscillator signal frequency, the frequency of the 
oscillator signal is measured while connected 
to a dummy sensor not affected by vehicles. The 
reference value also is adjusted to reflect slow 
changes (drift) in sensor drive oscillator fre- 
quency. To identify changes in sensor drive 
oscillator frequency caused by mechanical dif- 
ficulties which require maintenance activity to 
correct, a rate of frequency change of the sen- 
sor drive oscillator signal is detemnined over the 
plurality of measurement scanning segments. 
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BACKGROUND OF THE INVENTION 

The present invention relates to vehicle detectors which detect the passage or presence of a vehicle over 
a defined area of a roadway* in particular, the present invention relates to improved methods of envlronniental 
5 adaption of vehicle detectors. 

Inductive sensors are used for a wide variety of detection systems. For example, inductive sensors are 
used in systems which detect the presence of conductive or ferromagnetic articles within a specified area. Ve- 
hicle detectors are a common type of detection system in which inductive sensors are used. 

Vehicle detectors are used In traffic control systems to provide Input data required by a controller to control 
10 signal lights. Vehicle detectors are connected to one or more inductive sensors and operate on the principle 
of an inductance change caused by the movement of a vehicle in the vicinity of an inductive sensor. The in- 
ductive sensor can take a number of different forms, but commonly is a wire loop which is buried in the roadway 
and which acts as an inductor. 

The vehicle detector generally includes circuitry which operates in conjunction with the inductive sensor 
15 to measure changes in inductance and to provide output signals as a function of those inductance changes. 
The vehicle detector includes an oscillator circuit which produces an oscillator output signal having a frequency 
which is dependent on sensor inductance. The sensor inductance Is in turn dependent on whether the inductive 
sensor is loaded by the presence of a vehicle. The sensor is driven as a part of a resonant circuit of the oscillator. 
The vehicle detector measures changes in inductance in the sensor by monitoring the frequency of the oscillator 
20 output signal. 

Examples of vehicle detectors are shown, for example, in U.S. Patent 3,943,339 (Koerner et al.) and in 
U.S. Patent 3,989,932 (Koerner). 

Detection of a vehicle is accomplished by comparing a measured value based on the oscillator frequency 
to a reference value. The reference value should be equivalent to the measured value when the sensor area 

25 is unoccupied. If the vehicle detector has an incorrect reference value, errors in detection may occur. These 
errors may result In vehicles over the sensor not being detected, vehicles being detected when the sensor area 
is actually empty, and a single vehicle being detected as multiple vehicles. 

Vehicle detectors in use today use relatively blind approaches to adjusting the reference value in an attempt 
to tracl< oscillator frequency changes caused by the environment rather than by vehicles. The methods of ad- 

30 justing the reference value utilized in prior art detectors include: adjusting the reference value toward the cur- 
rent measurement value by a fixed amount during each fixed time interval; adjusting the reference value toward 
the current frequency measurement value by a fraction of the difference between the two during each fixed 
time interval; adjusting the reference value Immediately to the current measurement value if the current fre- 
quency decreases for a predetermined amount of time; utilizing an alternative amountof adjustment of the ref- 

35 erence value per fixed time Interval when a vehicle Is over the sensor; and setting ttie reference value to the 
current measurement value a fixed amount of time after the vehicle is no longer detected. Prior art vehicle 
detectors use various combinations of these approaches. An example of environmental tracking in vehicle de- 
tectors is U.S. Patent 4,862,162 (Duley). Each of these approaches results In a high probability that the refer- 
ence value will be set to the wrong value, particularly during heavy traffic when It Is most Important that it be 

40 set correctly. 

SUMMARY OF THE INVENTION 

The present invention is also directed to a method of detecting the presence of a vehicle in a detection 
45 area using an Inductive sensor, particularly wherein a reference value is adjusted to compensate for oscillator 
frequency changes caused by the environment rather than by vehicles. The method checks the vehicle detector 
reference value immediately following initialization or whenever It Is deemed appropriate. This check will be 
useful, for example. In correcting errors occurring because the detector was initialized with a vehicle over the 
sensor. Preferably, the method also provides for adjustment of the reference value to reflect slow changes in 
50 the oscillator frequency caused by the environment. The cause of tiie changes In the oscillator signal may also 
be identified by using a dummy sensor, which is unaffected by the presence of a vehicle, to determine whether 
the change is due to temperature or humidity as opposed to environmental changes external to the detector. 
Additionally, the method may identify changes In oscillator frequency caused by mechanical difficulties which 
require maintenance activity to correct. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 



F^ure 1 is a block diagram of an inductive sensor vehicle detector which is capable of utilizing the envir- 
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onmental adaptation methods. 

Figure 2 is a grapli illustrating measured period (T) of the oscillator signal as a function of time (t) as a 
vehicle passes through a detection area associated with the Inductive sensor. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(1) General System Descnption 

Vehicle detector 1 0 shown in Figure 1 is a four channel system which monitors the Inductance of inductive 
10 sensors 12A, 12B, 12C and 12D. Each inductive sensor 12A-12D is connected to an input circuit 14A-'14D, 
respectively. Sensor drive oscillator 16 is selectively connected through input circuits 14A-14D to one of the 
inductive sensors 12A-12D to provide a drive current to one of the inductive sensors 12A-12D. The particular 
Inductive sensor 12A-12D which is connected to oscillator 16 is based upon which Input circuit 14A-14D re- 
ceives a sensor select signal from digital processor 20. Sensor drive oscillator 1 6 produces an oscillator signal 
15 having a frequency which is a function of the inductance of the Inductive sensors 1 2A-12D to which it is con- 
nected. 

As also shown in Figure 1, dummy sensor 12E is provided and is connected to sensor drive oscillator 16 
in response to a select signal from digital processor 20. Dummy sensor 12E has an inductance which Is unaf- 
fected by vehicles, and therefore provides an indication of need for adjustment or correction of the values meas- 
20 ured by Inductive sensors 1 2A-1 2D. 

The overall operation of vehicle detector 10 is controlled by digital processor 20. Crystal oscillator 22 pro- 
vides a high frequency clock signal for operation of digital processor 20. Power supply 24 provides the neces- 
sary voltage levels for operation of the digital and analog circuitry within the vehicle detector 10. 

Digital processor 20 receives inputs from operator interface 26 (through multiplexer 28), and receives con- 
25 trol inputs from control input circuits 30A-30D. In a preferred embodiment, control input circuits 30A-30D receive 
logic signals, and convert those logic signals into input signals for processor 20. 

Processor 20 also receives a line frequency reference input signal from line frequency reference input cir- 
cuit 32. This input signal aids processor 20 in compensating signals from Inductive sensors 12A-12D for In- 
ductance fluctuations caused by nearby power lines. 
30 Cycle counter 34, crystal oscillator 36, period counter 38, and processor 20 form detector circuitry for de- 
tecting the frequency of the oscillator signal. Counters 34 and 38 may be discrete counters (as illustrated In 
Figure 1) or may be fully or partially incorporated Into processor 20. 

In a preferred embodiment of the present invention, digital processor 20 includes on-board read only mem- 
ory (ROM) and random access memory (RAM) storage. In addition, non-volatile memory 40 stores additional 
35 data such as operator selected settings which Is accessible to processor 20 through multiplexer 28. 

Vehicle detector 10 has four output channels, one for each of the four sensors 12A-12D. The first output 
channel, which is associated with inductive sensor 12A, has a primary output circuit 42A, and an auxiliary output 
circuit 44A. Similarly, primary output circuit 42B and auxiliary output circuit 448 are associated with inductive 
sensor 12B and form the second output channel. The third output channel includes primary output circuit 42C 
40 and auxiliary output circuit 440, which are associated with inductive sensor 12C. The fourth channel includes 
primary output circuit 42D and auxiliary output circuit 44D, which are associated with inductive sensor 12D. 

Processor 20 controls the operation of primary output circuits 42A-42D, and also controls the operation of 
auxiliary output circuits 44A-44D. The primary output circuite 42A-42D provide an output which is conductive 
even when vehicle detector 10 has a power failure. The auxiliary output circuits 44A-44D, on the other hand, 
45 have outputs which are non-conductive when power to vehicle detector 10 Is off. 

In operation, processor 20 provides sensor select signals to input circuits 14A-14D to connect sensor drive 
oscillator 16 to Inductive sensors 12A-12D In a time multiplexed fashion. Similarly, a sensor select signal to 
dummy sensor 12E causes it to be connected to sensor drive oscillator 16. Processor 20 also provides a control 
Input to sensor drive oscillator 16 to select alternate capacitance values used to resonate with the inductive 
50 sensor 1 2A-12D or dummy sensor 1 2E. When processor 20 selects one of the Input ciraiits 14A-14D or dummy 
sensor 12E, It also enables cycle counter 34. As sensor drive oscillator 16 Is connected to an Inductive load 
(e.g., input circuit 14Aand sensor 12A) it begins to oscillate. The oscillator signal is supplied to cycle counter 
34, which countsoscillatorcycles. After a brief stabilization period for the oscillator signal to stabilize, processor 
20 enables period counter 38, which counts in response to 1a very high frequency (e.g., 20 MHz) signal from 
55 crystal oscillator 36. 

When cycle counter 34 reaches a predetermined number (Nseg) of oscillator 1 6 cycles after oscillator sta- 
bilization, it provides a control signal to period counter 38, which causes period counter 38 to stop counting. 
The period count \s then representative of the period of the oscillator signal from oscillator 16 during one meas- 



3 



EP 0 521 627 A1 



10 



urement frame segment. After the completion of each measurement frame segment, processor 20 produces 
a total measurement frame time duration representative of a predetermined number M of measurement frame 
segment period counts. The IVI period counts are taken during the current measurement frame segment and 
M minus one (e.g., three when M is equal to four) past measurement frame segments for that particular inductive 
sensor; with the M measurement frame segments together constituting a single measurement frame. Processor 
20 compares a "measurement value" (total measurement frame time duration Tframe) to a "reference value" 
(reference time duration Tref), calculated with no vehicle near the Inductive sensor, and a difference is calcu- 
lated. A change in the count which exceeds a predetermined threshold, ATthreshi indicates the presence of a 
vehicle near inductive sensor 12A-12D. 

(2) Reference Value initialization Check 



In the following discussion, changes in the oscillator signal caused by an inductance change of a sensor 
12A-1 2D will be discussed In terms of period (T) rather than frequency (f). This Is simply a matter of convenience 

15 for mathenr»atical expression. Frequency Is equal to the inverse of period (I.e., f = 1/T). Frequency is inversely 
related to sensor inductance (L) while period Is directly related to inductance (i.e., an increase in induc^nce 
causes an increase in period). 

Vehicle detector 10 receives a user settable sensor entry distance dentry* which represents the distance a 
vehicle must travel to fully enter the sensor area, in the present embodiment, dentry is assumed to be a constant 

20 for vehicles longer than the loop. Figure 2 is a graph of measurement value (period T) as a function of time. 
Individual measurement values are designated by points 220, 230, 232, 234, 236, 238, 240 and 250. As illu- 
strated In Figure 2, processor 20 monitors the measurement values for a minimum threshold change ATjhresh 
which would indicate the Initial presence of a vehicle over the inductive sensor. The required change AlTresh 
has occurred at point 220. Once a vehicle has been deteded. processor 20 determines and stores the change 

25 in period AT of the sensor drive oscillator signal over each of a plumirty of m^surement frame ^gmente cor- 
responding to the sensor (12A, 12B, 12C or 12D) over which the vehicle was detected. The period measured 
during a plurality of measurement frame segments Is illustrated by points 230, 232, 234, 236, 238, 240 and 
250. Processor 20 also determines and stores a magnitude of change in sensor drive oscillator period AT^ax 
250 and the time at which it occurs. AT^ax has been found to correspond to a reasonable estimate of the In- 

30 ductance change that reflects both the time required for the vehicle to enter the sensor detection area and the 
presence of the vehicle In the sensor detection area. These measurements are used in detecting vehicle speed. 

If the number of measurement frame segments that occur between the detection of a threshold change in 
period ATihresh snd the magnitude of change in period ATmax is equal to a predetermined number, e.g. five or 
more, then processor 20 makes a speed measurement calculation. The number five has been chosen to ensure 

35 reasonable accuracy. A number larger than five would Increase detector accuracy. In this embodiment, if the 
number of measurement frame segments Is less than five, then no speed measurement calculations are per- 
formed. 

Also as illustrated In Fig. 2, processor 20 next estimates the time rate of period change dT/dt of the sensor 
drive oscillator signal by summing the changes in period AT for each measurement frame segment between 
40 the detection of ATrresh A1'max> and dividing the summation by the total time elapsed during those meas- 
urement frame segments. 

dl^^ Eq.1 
dt lAt, ^ 

Processor 20 then calculates the entry time ET for this particular vehicle, where ET Is equal to the maximum 
^ change in period ATmax divided by dT/dt 

ET=^ Eq.2 
dT 

dt 

Processor 20 next calculates vehicle speed which is equal to the entry distance dentry divided by the vehicle 
^ entry time ET. 

5 - Ea. 3 

ET ^ 

After determining vehicle speed, processor 20 estimates the time, based upon the measured vehicle 
speed, at which the vehicle will have sufficiently exited the sensor area so as to have substantially no influence 
on the frequency of the oscillator signal. At the time that was determined to be sufficient for the vehicle to have 
exited the sensor area, a sample period measurement value Tsample is measured and then compared to the 
reference value Tref- The following equation Illustrates one method of making the comparison and subsequent 
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adjustment of Trep 



■^SAMPLEAV "* 

N 



10 where. 

k = a constant 

TsAMPiEi = the i"^ sample value measured 

TREfi = the reference period value corresponding to Tsampis 

TsAMPLEAv - average difference between Tsample and Tref 

15 H = the nunnber of samples taken = a ftjnctton of the difference between Tsample and Tref 

If Tsample minus Tref is greater than a predetermined value P, Tref will be adjusts to equal Tsampleav ^sing 
N=1 and k»1. In other words, Tref set to Tsample in this case. 

If the difference between Tref and Tsample is less than P, then detector 10 takes a larger number of addi- 
tional sample measurements (e.g. N=4), each after a different vehicle is determined to have completed a pass 

20 over the sensor area. The additional sample measurements are then compared. If samples are consistent, as 
defined by a predetermined range, processor 20 calculates Tsampleav according to the above formula. The ref- 
erence value Tref is then adjusted to equal the average sample value Tsampleav- 
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(3) Identification of Temperature and Humidity Caused Changes in OscHiator Frequency 



Processor 20 provides a sensor select signal to dummy sensor 12E, causing it to be connected to sensor 
drive oscillator 16. The frequency of sensor drive oscillator 16 is then measured while connected to dummy 
sensor 1 2E. Processor 20 next compares the measured frequency Fmds (or period Tmds) to a previously meas- 
ured frequency Fpos (or period Tpos) of dummy sensor 12E. 

30 Since the effects of temperature and humidity on dun^my sensor 1 2E can be measured and calibrated, and 
since only temperature and humidity may have an affect on the oscillator frequency while connected to dummy 
sensor 12E, these measurements provide a means for identifying environmental changes. Changes in tem- 
perature and humidity, which affect sensors 12A-12D as well as dummy sensor 12E, will be identifiable and 
the reference frequency may be adjusted accordingly. If no change In dummy sensor frequency is detected, 

35 processor 20 will be able to determine that any environmental effects on the sensor drive oscillator signal while 
connected to sensors 12A-12D, are due to environmental changes other than temperature and humidity effects 
on detector components, and therefore are likely external to vehicle detector 10. 

Note that dummy sensor 12E is used as a means of identifying environmental changes which affect os- 
cillator frequency. It is not used directly as a means of adjusting the reference value Tref because external 

40 environmental changes may offset the effects of temperature and humidity on detector components. 

(4) Identification of Changes in Oscillator Frequency Caused by Mechanical Difficulties or External interfer- 
ence 

45 This method may be utilized to identify changes In sensor drive oscillator frequency caused by mechanical 
difficulties, rather than by a vehicle or other environmental changes, and which require maintenance activity 
to permanently eliminate. Vehicle detector 1 0 measures the frequency change AF (or period change AT) of the 
sensor drive oscillator signal over each of a plurality of measurement frame segments. Next, processor 20 
measures the rate of change dF/dt (or dT/dt) of the sensor drive oscillator signal by summing the measured 

50 changes in frequency AF (or period AT) for each of the plurality of measurement frame segments, and dividing 
the summation by the total time elapsed during those measurement periods. 
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dt 
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Eq.SB 



or 

dT „ lAf/ 
dt " lAtf 

The rate of frequency change dF/dt or period change dt/dt caused by nriechanical difficulties or external 
interference is normally much greater than the rate of change caused by vehicles or by other environmental 
changes. In practice, the maximum time rate of change of inductance of a sensor which will be caused by a 
vehicle is approximately 500nh/miHisec. The corresponding maximum dF/dt or dT/dtfor a particular vehicle de- 
tector will depend on the particular sensor and oscillator circuit used. 

Processor 20 monitors the measured rate of change dF/dt (or dl/dt) of the sensor drive oscillator signal 
for a rate of change greater than a threshold rate of change. IVIeasurement of a rate of change surpassing the 
threshold rate of change is indicative of mechanical difficulties. Upon measurement of a rate of change indi- 
cative of mechanical difficulties, processor 20 takes a predetermined number of sample frequency measure- 
ments FsAMPLE- If successive Fsample measurements indicate a permanent change in frequency F after the ex- 
cessive dF/dt, the detector will reinitialize the channel and attempt to reestablish Tref- Processor 20 does, how- 
ever, record the occurrence as an Indication of mechanical difficulties to unit operators. 



(5) Adjustment of Reference For Drift 

This method may be uttilzed to adjust the reference value of a vehicle detector to reflect slow changes (drift) 
20 In oscillator frequency caused by the environment During Initialization, processor 20 conservatively calculates 
a maximum measurement period T^easmax which is used to prevent the classification of anticipated drift as ve- 
hicle presence. This value T^easmax could alternatively be stored as a constant in the ROM of processor 20, In 
this embodiment, Tmaasmax calculated as follows: 
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30 



35 



40 



WhenAt«4T, 

where, 

At 

Tcry 

ATsdrlftmax 
ATDdflftmax 



16 * T 



czy 



as would be the case in a four channel detector, Eq. 6A becomes: 



i 



16 * T,r 



Eq.6B 



= time between successive measurement starts or stops 

~ the period of crystal oscillator 36 which is being counted to measure sensor drive oscillator 
frequency. 

= the maximum drift rate expressed as a fraction of sensor drive oscillator period caused by 
the sensor and other components exterior to the detector. 

the maximum drift rate expressed as a fraction of sensor drive osdllator period caused by 
components internal to the detector. 



45 



Use of a dummy sensor allows the direct measurement of actual oscillator drift. This allows longer Tmeasmax val- 
ues than shown above, because in this case, only external drift rates need to be accommodated, e.g. ATodriftmax 
= 0 may be used in Eqs. 6Aor SB. 
QQ During normal operation, detector 1 0 measures the change in period AT of the sensor drive oscillator signal 
during each successive maximum measurement period Tmeasmax- Processor 20 then compares the change in 
period AT, measured during Tmeasmax' to a threshold change In period of ATrhresh- 

If the change In period AT over the maximum measurement period Tmeasmax less then ATihrashi then the 
reference value Tref >s adjusted by adding the change in period AT: 

5« ^f^T< LT^^„^, then Tj^^, = AT + T^^^ 



where, 



6 



EP 0 521 627 A1 



Ff,Efi^~ Eq.7 

If the change in period AT is greater than ATthresh. th© reference frequency is not adjusted. 

5 (6) Conclusion 

The present invention makes adjustments to the reference value used in a vehicle detector only when there 
are indications that a change caused by environmental factors has occurred. Shifts in measured values caused 
by mechanical problems or by other causes which may not be correctable by a change in reference value are 
10 identified. 

Although the present invention has been described with reference to preferred embodiments, worl^ers s(<il- 
led in the art will recognize tiiat changes may be made in form and detail without departing from the spirit and 
scope of the Invention. 
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Claims 



1. A method of detecting the presence of a vehicle In a detection area using an inductive sensor (12A, 12B, 
12C, and 12D) positioned proximate to that area and which exhibits a change in inductance in response 

20 to the presence of a said vehicle In the area comprising: 

monitoring a signal representative of the inductance of said Inductive sensor to produce a meas- 
urement value; 

detecting the entry of a said vehicle into the detection area based upon a change in the measure- 
ment value with respect to a reference value; 
25 calculating a time after vehicle exit from the detection area based upon a change In the measure- 

ment value during a time period subsequent to the entry of the vehicle into the detection area and long 
enough to ensure that the vehicle has exited the area; 

producing a sample value based upon the signal after the time of vehicle exit; 
comparing a reference value and the sample value; and 
30 adjusting the reference value, based upon the comparison. 

2. The method according to claim 1 , further comprising calculating the time after vehicle exit by: 

determining a time rate of change of inductance of the Inductive sensor; 
determining a magnitude of change of inductance; 
35 calculating vehicle speed based upon the time rate of change and the magnitude of change of in- 

ductance; and 

calculating the time after vehicle exit based upon the vehicle speed. 

3. The method according to claim 1 , wherein adjusting the reference value comprises: 

^ setting the reference value equal to the sample value if the difference between the reference value 

and the sample value is greater than a predetermined threshold. 

4. The method according to claim 1 , further comprising: 

setting the reference value equal to an average of a plurality of sample values, each measured after 
a vehicle has exited the detection area. 



The method according to claim 2, further comprising: 

providing an oscillator circuit including said inductive sensor, 

measuring the frequency of an oscillator signal produced by said circuit to produce a said meas- 
urement value; 

indicating presence of a said vehicle if a difference between the measurement value and reference 
value exceeds a threshold; 

calculating the speed of a said vehicle passing through a sensor area based upon a measured rate 
of frequency change and magnitude of frequency change of the oscillator signal caused by the vehicle; 

taking a sample measurement of the frequency of the oscillator at the said time after vehicle exit; 

and 

adjusting the reference value based upon a measurement value corresponding to said sample 
measurement. 
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6. The method according to claim 5, wherein the step of adjusting the reference value comprises: 

determining a difference between a first measurement value corresponding to a first sample meas- 
urement and the reference value; 

adjusting the reference value to the first measurement value if a difference between them is greater 
5 than a predetermined level; 

taking a predetermined number of additional sample measurements, each after a vehicle has been 
determined to have completed a pass through the sensor area; 

comparing the sample measurements taken to determine the consistency therebetween; 

averaging said predetermined number of sample measurements to produce an average measure- 
to ment value; and 

adjusting the reference value to the average measurement value If said predetermined number of 
sample measurements are consistent with one another. 

7. A method according to claim 1 , further comprising: 

^5 measuring the Inductance of a dummy inductive sensor (12E) which Is positioned away from said 

detection area and is thereby unaffected by the presence of a vehicle; 

comparing a currently measured inductance of the dutrwny sensor to a previously measured induc- 
tance of same dummy sensor; and 

determining, based upon the currently and previously measured dummy sensor inductances, 
20 whether a change in measured Inductance of the vehicle responsive inductive sensor is due to a factor 
which affects inductance of that sensor. 

8. A method according to claim 1 , further comprising: 

measuring the inductance of the inductive sensor positioned proximate to the detection area over 
25 a plurality of measurement frame segments; 

calculating a time rate of change of that inductance during each of said frame segments; and 
identifying existence of mechanical difficulties when the calculated time rate of change is outside 
a predetermined range. 

9. A method according to claim 1 , further comprising: 

providing an oscillator circuit including said vehicle responsive sensor to produce an oscillator sig- 
nal having a frequency which is a function of inductance of that sensor; 

measuring a change In the frequency of the oscillator signal over each of said plurality of measure- 
ment frame segments; 

calculating the rate of frequency change of sakJ osclilator signal over the plurality of measurement 

frame segments; 

determining whether the rate of frequency change corresponds to a rate which is indicative of mech- 
anical difficulties; and 

providing a signal indicating existence of mechanical difficulties. 

10. A method according to claim 5, ftjrther comprising: 

estimating maximum drift nates in the measurement values caused by the inductive sensor and ve- 
hicle detector components; 

measuring a change in the measurementvalue during a time period defined by the estimated max- 
imum drift rates; 

^ comparing the change in the measurement value to a threshold change in value; and 

producing a new reference value, if the change in the measurementvalue was less than the thresh- 
old change by adding a fraction of the change to the reference value. 
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